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Appendix E
Horn Lake, Mississippi, Stop-and-Go GPS
Survey

E-1. General

In geographical areas with minimal obstruction of the sky,
such as farming areas, along levees and open roads, stop-
and-go GPS surveying can be a very effective and effi-
cient method of establishing 2D and/or 3D project control.
Stop-and-go surveying can be used to establish horizontal
control for topographic and hydrographic surveys as well
as 3D ground control for photogrammetric surveys.

E-2. Project Description

This example survey was conducted by the Memphis Dis-
trict in the vicinity of Horn Lake, Mississippi, approxi-
mately 15 miles south of downtown Memphis, Tennessee.
A diagram of the project area is shown in Figure E-1.
The project consisted of establishing 3D positions on a
total of 23 photo control points.

E-3. Planning Phase

An initial search was performed to locate existing NGRS
and USACE horizontal and vertical control within a
10-km radius of the center of the project area. It is
important to note that the marks chosen to be occupied by

Figure E-1. Horn Lake Project diagram
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the reference receiver(s) should be totally unobstructed.
A momentary loss of lock (cycle slip) on one or more
satellites by the reference receiver(s) could make it impos-
sible to process some or all of the data obtained by the
roving receiver(s).

a. Three NGRS horizontal and/or 3D control marks
were recovered near the project area; however, due to
obstructions at two of the sites, only the 3D mark
USC&GS HUDGINS 1959 was suitable as a reference
station. Preplanning analysis indicated a minimum of two
reference stations were needed to economically obtain the
required number of independent baseline measurements to
each photo control point. Therefore, to meet this require-
ment, a pair of intervisible Type A monuments, as defined
in EM 1110-1-1002, were installed near the southern limit
of the project area with one of the sites (P-13-2-89) being
totally free of obstructions greater than 15 degrees above
the horizon. Initially, a static GPS survey was performed
to establish horizontal positions on the two Type A monu-
ments. A diagram of the initial horizontal control survey
is shown in Figure E-2. Refer to the example surveys in
Appendix D for details on performing a static horizontal
control survey. Figure E-3 shows a partial output of the
GEOLAB minimally constrained adjustment of the static
baselines observed. A review of the GEOLAB adjust-
ment output reveals the following:

(1) As shown the 2D and 1D station major semi-axis
and minor semi-axis are at or less than the few-centimeter
level.

(2) The 2D and 1D relative error ellipses between
survey points are at or less than the few-centimeter level.

(3) The estimated variance factor in the statistics
summary is low (close to a value of 1). Further analysis
of the GEOLAB output in Figure E-3 indicates that the
adjustment is very acceptable and that the adjusted posi-
tions of the two Type A monuments will be more than
adequate for use as horizonal control for the stop-and-go
survey. Reference stations USC&GS HUDGINS 1959
and P-13-2-89 were chosen because of their unobstructed
view of the sky and also their location relative to the
project area.

b. One NGRS vertical control mark and three
USACE temporary benchmarks (TBM’s) were recovered
within the project area. The NGRS vertical control mark
was 100 percent obstruction free and was thus included
within the stop-and-go survey. However, due to obstruc-
tions at all three of the TBM’s, it was decided not to
include these marks within the GPS survey. Instead,
differential levels were run from the TBM’s to the nearest

Figure E-2. Initial horizontal control survey
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Figure E-3. GEOLAB adjustment output (Continued)
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Figure E-3. (Concluded)
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photo control point. The four points circled in Figure E-4
had an established orthometric height. These heights were
used to control the vertical adjustment of the GPS obser-
vations. This will be discussed further under the section
on adjustments.

c. The aerial photography was completed and photo
control points were subsequently selected from observable
physical features. The GPS survey party had to locate the
points from the photos and monument each on the ground.
Obstruction limits at each point were noted during monu-
mentation. After all 23 points were established, further
analysis indicated that three of the points, HL-2, HL-5,
and HL-7 could not be occupied because of extensive
obstructions or no vehicular access. Terrestrial traversing
was performed to HL-2 and HL-5 using HL-1 and HL-3
as control and to HL-7 using S 22 1974 and Trav Pt 1 as
control. The traverse computations were performed sub-
sequent to the final constrained least squares adjustment
of the baselines observed during the stop-and-go survey.

E-4. GPS Field Observations

Four SPS (or C/A) code GPS receivers, tracking the car-
rier phase, were used for the survey. When performing a
stop-and-go survey, it is required to maintain lock on at
least four satellites. It is recommended that observation-
times be scheduled when at least five satellites are visible,
so that if lock is lost on one satellite, the survey can con-
tinue. All GPS field observations, both static and stop-
and-go, were recorded on 28 and 29 June 1989 (days 179
and 180). The reference receiver at HUDGINS was set
up to continually record data each day and left unmanned
due to its secure location. The reference receiver at
P-13-2-89 had one operator monitoring it and there were
two personnel per roving receiver: one to drive the vehi-
cle and operate the receiver and the other to position the
antenna over the mark. Communication between opera-
tors was by two-way radio.

a. The antennas at the reference stations were
mounted on a tripod using an optical plummet tribrach
with an 8-minute bulls-eye level. The antenna for each
roving receiver was mounted on a fixed-height range pole
with a 10-minute bulls-eye level supported by a bipod.
The antenna, range pole, and bipod were secured to the
vehicle by a removable mobile rack shown in Figure E-5.
Figure E-6 shows the setup of the antenna, range pole and
bipod.

b. A satellite visibility chart was plotted for day 179
and is shown in Figure E-7. Static measurements were

recorded for the first two sessions and the data used to
establish horizontal positions on the two Type A monu-
ments. Refer to Figure E-2 for a graphical representation
of the baselines observed during sessions 1 and 2. The
remainder of the five-satellite window for day 179 was
used to record stop-and-go data. The observation
schedule developed for day 179 is shown in Figure E-8.
The upper portion of the schedule includes the ID num-
ber, the name and the position (exact if known, scaled if
not) for each station included within the survey. Note
that the photo control points were assigned a 5000 series
ID. Chapter 8 of this manual discusses recommended
conventions for assigning station ID numbers. It recom-
mends a 9000 series number for temporary 3D control.
The bottom portion of the schedule includes the date and
day of the year in which observations are to be recorded,
where each receiver will be for each session, when to
start and stop each session (local time), and which satel-
lites to observe.

c. Stop-and-go observations were recorded during
the third session on day 179 and during the entire five-
satellite window on day 180. During the third session of
day 179, both roving receivers were initialized to both of
the reference receivers by recording static data for approx-
imately one hour. This method is also referred to as
occupying a known baseline, since after post-processing
the static data and the data are accepted according to the
criteria in this manual, the baseline becomes known. It is
important to note that this method requires a sufficient
amount of data be collected to ensure that the integer
cycle ambiguities are resolved in the baseline solution.
Once the integer cycle ambiguity is resolved for a satel-
lite, it remains constant as long as lock is maintained. At
the moment lock is lost on a satellite, its integer cycle
ambiguity becomes an unknown value and thus again
requires resolution. Initially resolving the ambiguities and
maintaining lock on at least four satellites is the key to
stop-and-go surveying. If lock is not maintained on at
least four satellites during a survey, the ambiguities for at
least four satellites will need to be resolved again. This
can be done during a survey by returning to the last
occupied point, which becomes a known baseline after
postprocessing. If this method is not practical or desir-
able, the survey should be stopped at the point of losing
lock on at least four satellites and a new survey started.
The new survey may be initialized either by recording
approximately an hour of static data at a point which has
not already been occupied, or by recording a few minutes
of data at a point which has been previously occupied.
When using the second method, the integer cycle ambigu-
ities for the baselines from both reference receivers to the
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Figure E-4. Vertical project control

Figure E-5. Removable vehicle rack

E-6



EM 1110-1-1003
1 Aug 96

Figure E-6. Antenna-range pole-bipod setup

point must have been resolved. Figures E-9 and E-10
show the baselines for which the integer cycle ambiguities
were resolved by collecting static data for approximately
one hour by roving receivers 1 and 2, respectively.

d. After initializing the stop-and-go survey, the
rovers began to travel from point to point, collecting
approximately 1.25 minutes of data at each point. This
manual recommends data collection of at least 1.5 min at
each point. Experience has shown this value should be
used as a minimum and, depending on the length of the
baselines observed and the accuracy required for the sur-
vey, observation times of up to 10 min may be necessary
to ensure the desired results are obtained. A data logging
sheet such as that shown in Chapter 8 was completed for
each reference receiver. For each roving receiver, a stop-
and-go field form as shown in Figure E-11 was com-
pleted. Figure E-12 shows a field form completed for
roving receiver 1 on day 179. The paths taken by each of
the rovers on days 179 and 180 can be graphically seen in
Figures E-9 and/or E-10. The data collected for the ini-
tialization of the survey as well as the data collected at
each subsequent point by rover 1 were recorded in one
data file. It is recommended that static observations be
recorded in a separate file from the stop-and-go data to
conform to batch processing methods used in some manu-
facturer’s software. This will be discussed further under
the section on post-processing. Referring to Figure E-12,
the following is a recommended scheme for recording the
data such that a batch processing mode may be utilized.

(1) Start static survey at 22:04 occupying sta-
tion 4097. Stop static survey at 23:00.

(2) After resetting the antenna over station 4097,
start a stop-and-go survey and collect data at 4097 for
approximately ten minutes.

(3) Travel to each subsequent point and collect data
for at least 1.5 minutes.

(4) Upon losing lock travelling to station 5208, stop
the stop-and-go survey.

(5) Continue to 5208, position antenna over mark
and start a static survey at approximately 00:42.

(6) Stop the static survey at 01:45, which was very
near the end of the four satellite window for day 179.

If additional time had been available in which five satel-
lites were above 15 degrees, another stop-and-go survey
could have been started and continued from 5208 to addi-
tional points subsequent to the static data collection.

E-5. Post-processing Stop-and-Go Data

At the end of each day’s observations, all data were
downloaded from the receivers to a portable 386 com-
puter. All processing times quoted in this example are
using a 386 computer with a math coprocessor with a
20-MHz clock processing speed. Using a computer with
slower clock speeds will significantly increase processing
time of all types of GPS data, not only stop-and-go. A
review of all field data logging sheets for completeness
and correctness was performed after downloading the
data. Trimble’s Trimvec-Plus survey software was used
for all post-processing in this case.

a. First, all data collected in the static survey mode
were post-processed and the quality of the solutions
reviewed. Processed baselines from sessions 1 and 2 of
day 179 were used to create a network in GEOLAB and
adjusted separately from the photo control. The results of
this adjustment have been discussed in paragraph E-3.
Since the stop-and-go survey was initialized with known
baselines, the dX, dY, and dZ values for the known base-
lines were required prior to processing the stop-and-go
data. These values were obtained from the solution out-
put of the static observations. Figures E-13 and E-14
show the solution summaries for the baselines from each
of the reference receivers to roving receiver 1. Notice
that the integers were found for each baseline and that the
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Figure E-8. Observation schedule
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Figure E-9. Observation routes and initialization of rover 1
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Figure E-10. Observation routes and initialization of rover 2
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Figure E-11. Stop-and-go kinematic field form (Continued)
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Figure E-11. (Concluded)
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Figure E-12. Example stop-and-go kinematic field form (Continued)
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Figure E-12. (Concluded)
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Figure E-13. Static solution summary 3095 -> 4097
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Figure E-14. Static solution summary 4098 -> 4097
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quality factors were fairly high, meaning that the integer-
cycle ambiguities were resolved in both solutions with a
high degree of reliability. Even though the RMS was
slightly large in comparison to the length of the baseline
from 4098 to 4097, the fixed solution quality factor was
high and thus the results of the fixed solution are recom-
mended. Had sufficient data not been collected to resolve
the integer cycle ambiguities, additional static data collec-
tion would be required. An attempt to process stop-and-go
data using values from static solutions in which the inte-
gers were not found may give erroneous results for the
baselines processed. The dX, dY, and dZ values listed
for the fixed solution in Figures E-13 and E-14 were used
to post-process the stop-and-go data.

b. After all static data were processed, summaries of
the stop-and-go sessions were printed. These summaries
document the events of the session and the time of their
occurrence in GPS seconds of the week. Figure E-15
shows the summary of events that took place during the
stop-and-go session on day 179 between the reference
receiver at station 3095 and roving receiver initializing on
station 4097. The stop-and-go session summary conveys
the following details of the survey.

(1) The data file names for the reference and remote
(roving) receivers.

(2) The kinematic (stop-and-go) data set number.
This number was automatically incremented by one each
time a point was occupied.

(3) The station ID of the point being occupied.

(4) The time in seconds that the data set began.

(5) The height of the roving receiver’s antenna above
the point being occupied.

(6) The time in seconds that the data set ended.

(7) The amount of time in minutes and seconds that
data were recorded at the point being occupied.

(8) The last epoch of data recorded before missing
satellite PRN 14. The satellite was missing because a
cycle slip occurred or a loss of data occurred during
download from the receiver to the computer.

(9) The last epoch of data recorded before a cycle
slip occurred on satellite PRN 6.

(10) The number of satellites the receiver was
locked onto after missing PRN 14 and a cycle slip on
PRN 6.

(11) At this point, lock was not maintained on at
least four satellites. The survey was reinitialized by
returning to the last point occupied; also a new route was
chosen to the next point.

(12) The travel time in minutes and seconds that it
took to move to the next point, or in this case, to go back
to the last occupied point.

(13) The typical observation time at each stop-and-
go point.

(14) At this point, lock could not be maintained on
at least four satellites. The low elevation of the remain-
ing visible satellites indicated that reinitialization would
have been futile.

(15) Since there was slightly over an hour of the
four-satellite window remaining on day 179, the survey
continued to station 5208 where static observations were
recorded for 63 minutes.

(16) Stations within a linked data set were stations
consecutively occupied while lock was maintained on at
least four satellites. At the point when lock was no longer
maintained on at least four satellites, a new linked data set
was started.

(17) The station occupation data indicate how many
times each point was occupied and to which data set each
occupation corresponds.

Figure E-16 shows the summary of events that took place
during the stop-and-go session on day 179 between the
reference receiver at station 4098 and roving receiver
initializing on station 4097. Figures E-15 and E-16 are
similar, but they are not exactly the same. A comparison
of the two summaries reveals that other than the reference
receivers being at different locations, the only other dif-
ference is in some of the times when cycle slips or miss-
ing satellite data occurred. Since the data from the roving
receiver were common to both summaries, the differences
in times of missing satellite data were due to obstructions
at the reference receiver’s location. The roving receiver
operator can observe only cycle slips occurring at his
receiver. Each receiver in the stop-and-go mode is able
to warn the operator with a series of beeps when it no
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Figure E-15. Kinematic session summary 3095 -> 4097 (Sheet 1 of 6)
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Figure E-15. (Sheet 2 of 6)
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Figure E-15. (Sheet 3 of 6)
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Figure E-15. (Sheet 4 of 6)
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Figure E-15. (Sheet 5 of 6)
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Figure E-15. (Sheet 6 of 6)
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Figure E-16. Kinematic session summary 4098 -> 4097 (Sheet 1 of 6)
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Figure E-16. (Sheet 2 of 6)

E-26



EM 1110-1-1003
1 Aug 96

Figure E-16. (Sheet 3 of 6)
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Figure E-16. (Sheet 4 of 6)
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Figure E-16. (Sheet 5 of 6)
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Figure E-16. (Sheet 6 of 6)
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longer has lock on at least four satellites. The receiver
CANNOT warn the roving receiver operator to reinitialize
when a combination of the data from the rover and the
data from the reference receiver no longer has lock on at
least the same four satellites. If the survey is not reinitia-
lized, the data collected subsequent to the loss of lock
cannot be processed. Therefore, to ensure that all data
collected can be processed, it is very important to chose a
location for the reference receiver that has very little or
no obstructions of the sky greater than 15 deg above the
horizon.

c. If the stop-and-go data have to be manually post-
processed, the rule of thumb is it takes twice as long to
process the data as it does to collect it. In other words, if
stop-and-go data were collected for 2 hr (including move
time), it will take approximately 4 hr to post-process the
data. If two reference receivers were utilized, it will take
approximately 8 hr because twice as many baselines will
have to be processed. Manual processing is very labor
intensive because each cycle slip must be fixed before
processing can continue. As stated previously, when a
cycle slip occurs on a satellite, the integer cycle ambiguity
for that satellite becomes unknown. When lock is recov-
ered on the satellite, its integer cycle ambiguity must be
once again resolved. The ambiguity is resolved by fixing
the cycle slip. Missing satellite data are treated as a cycle
slip and also require fixing during post-processing. Pro-
cessing time varies with the number of cycle slips that
occurred during the session; the fewer the cycle slips, the
quicker the processing will proceed. The actual stepwise
procedures of manual processing are beyond the scope of
this manual and may vary depending on the software
being used. The receiver manufacturer should be con-
sulted for available post-processing training.

d. Some software has a batch mode for post-process-
ing stop-and-go data. To save hours in post-processing
time, this option should always be used when possible.
Before stop-and-go data are collected, a thorough under-
standing of the batch processing requirements is strongly
recommended. The field procedures used may be modi-
fied to meet the batch processing requirements.

e. All stop-and-go baselines observed on days 179
and 180 were manually post-processed. Figure E-17
shows a solution file for the baseline from the reference
receiver at 3095 to the roving receiver at 4097. The file
naming convention is different from that used for static
solution files. Using the file name shown in Figure E-17
as an example, the convention for an eight-digit file name
with a three-character extension is as follows.

40971795.k01

where

4097 = the ID of the station being occupied by the
roving receiver

179 = the day of the year observations were
recorded

5 = the last digit of the ID of the station being
occupied by the reference receiver

k = part of extension denoting the file as
kinematic

01 = part of extension that is incremented by one
each time a station is reoccupied by the
same rover on the same day

The solution output for stop-and-go baselines is very sim-
ilar to the double-difference fixed solution for static base-
lines. Refer to the survey examples in Appendix D for an
annotated output of a double-difference fixed solution.

f. Figure E-9 indicates stations HL-11, HL-13,
HL-14, HL-15, HL-16, and HL-17 were occupied at dif-
ferent times by both rovers. Station HL-11 was occupied
statically by rover 2 and kinematically by rover 1. The
other five stations were occupied kinematically by both
rovers. Table E-1 shows the repeatability of the values
within baseline solutions comparing a static fixed solution
to a stop-and-go kinematic solution and also two kine-
matic solutions processed from data obtained on different
days. The comparisons are shown for baselines processed
from both reference receivers. Analysis indicates the
repeatability between the static and kinematic solutions
was generally less than 20 ppm and that between the two
kinematic solutions was about the same. The repeatability
in the Y component was consistently the worst of the
three components. The expected setup error of the range
pole and bipod is greater than an optical plummet tribrach
and tripod. This will affect the repeatability of two kine-
matic baselines, especially if the baselines are processed
from data collected by different rovers. Relatively speak-
ing, these results exceed in all cases Second-Order
Class II precision requirements and in all cases but two,
Second-Order Class I requirements.
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Figure E-17. Kinematic solution output 3095 -> 4097 (Sheet 1 of 4)
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Figure E-17. (Sheet 2 of 4)
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Figure E-17. (Sheet 3 of 4)
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Figure E-17. (Sheet 4 of 4)
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Table E-1
Repeat Baseline Comparison

File Name dX dY dZ

95111791.FIX -1564.664 -1813.619 -2636.200
52111795.k01 -1564.666 -1813.590 -2636.214
Diff in meters 0.002 0.029 0.014
Diff in ppm 1.3 16.0 5.3

98111791.FIX 1757.126 1332.128 1902.257
52111798.k01 1757.113 1332.164 1902.226
Diff in meters 0.013 0.036 0.031
Diff in ppm 7.4 27.0 16.3

52131795.k01 -3572.835 -2316.710 -3359.378
52131805.k01 -3572.853 -2316.729 -3359.378
Diff in meters 0.018 0.050 0.029
Diff in ppm 5.0 21.6 8.6

52131795.k01 -251.058 829.025 1179.100
52131808.k01 -251.061 829.020 1179.111
Diff in meters 0.003 0.005 0.011
Diff in ppm 11.9 6.0 9.3

E-6. Adjustments

GEOLAB adjustment software was used to adjust this
example survey. An IOB file was created by adding pro-
cessed static and kinematic baselines from data obtained
on days 179 and 180. Three separate network adjust-
ments were performed using this file.

a. The first adjustment was run holding only
USC&GS HUDGINS fixed in three dimensions. This
adjustment provided a check of the internal precision of
the GPS observations. A partial listing of the output for
adjustment one is shown in Figure E-18. The data indi-
cated the following:

(1) As shown on page 1 of the GEOLAB adjustment,
the number of redundant measurements, or degrees of
freedom, within the adjustment was high (87).

(2) As shown on page 31, the 2D and 1D station
major semi-axis and minor semi-axis were at or less than
the few-centimeter level.

(3) As shown on pages 32 and 33, the 2D and 1D
relative error ellipses between survey points were at or
less than the few-centimeter level. The precision of all
baselines within the adjustment exceeded 30 ppm and
87 percent exceeded 10 ppm.

(4) As shown on page 28, the histogram indicates
some of the residuals were higher than anticipated. These
higher residuals fell outside of the bell-shaped curve.

(5) As shown on page 29, the estimated variance fac-
tor in the statistics summary is somewhat high. Higher
residuals and variance factors than seen with static data
can be expected when adjusting stop-and-go baselines.
Although some high residual values exist in the adjust-
ment, the precision of all baselines relative to their length
are within Second-Order Class II requirements and
87 percent are within First-Order requirements. Longer
occupation times may help to improve some of the statis-
tical values and baseline precisions if higher orders of
accuracy are desired.

b. The second adjustment was run holding USC&GS
HUDGINS fixed in three dimensions and P-13-2-89 fixed
in two dimensions. This adjustment was performed to
obtain the final adjusted horizontal positions of all of the
photo control points occupied using GPS. After obtaining
the adjusted positions from GEOLAB, terrestrial traverse
computations were performed to obtain positions on the
remaining photo control points. A partial listing of the
output for adjustment two is shown in Figure E-19. Here,
the statistical values and relative errors increased only
slightly compared to adjustment one after holding a sec-
ond point fixed. The relative precision of all baselines in
the adjustment still exceed Second Order Class II
requirements.

c. The third and final adjustment was ran holding
USC&GS HUDGINS fixed in three dimensions and S 22
1974, HL-1 and HL-20 fixed in one dimension. All
heights fixed in the adjustment were orthometric or rela-
tive to the geoid. If elevations relative to the geoid are
desired, a separate vertical adjustment is required holding
only one point fixed horizontally. Horizontal and vertical
adjustments should not be combined because precisions in
the horizontal plane will affect precisions in the vertical
plane and vice versa. A partial listing of the output for
adjustment three is shown in Figure E-20. Page 33 of the
output indicates that the 1D confidence region for each
station in the adjustment is less than 0.1 m.

E-7. Project Summary

Positions in 3D were developed for 23 photo control
points as well as 2D positions for two new Type A
monuments.

a. The field work for the survey was completed in
approximately 35 hr with a task breakdown as follows.

(1) 8 hr for presurvey reconnaissance, 2-man crew.
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Figure E-18. Minimally constrained horizontal adjustment (Sheet 1 of 6)
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Figure E-18. (Sheet 2 of 6)
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Figure E-18. (Sheet 3 of 6)
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Figure E-18. (Sheet 4 of 6)
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Figure E-18. (Sheet 5 of 6)
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Figure E-18. (Sheet 6 of 6)
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Figure E-19. Fully constrained horizontal adjustment (Sheet 1 of 6)
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Figure E-19. (Sheet 2 of 6)
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Figure E-19. (Sheet 3 of 6)

E-45



EM 1110-1-1003
1 Aug 96

Figure E-19. (Sheet 4 of 6)
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Figure E-19. (Sheet 5 of 6)
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Figure E-19. (Sheet 6 of 6)
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Figure E-20. Fully constrained vertical adjustment (Sheet 1 of 6)
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Figure E-20. (Sheet 2 of 6)
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Figure E-20. (Sheet 3 of 6)
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Figure E-20. (Sheet 4 of 6)
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Figure E-20. (Sheet 5 of 6)
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Figure E-20. (Sheet 6 of 6)
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(2) 5 hr to set temporary photo control points and
obtain visibility information at each site, 2-man crew.

(3) 2 hr to install two Type A monuments, 3-man
crew.

(4) 5 hr to perform necessary Third-Order traverse
and leveling, 4-man crew.

(5) 15 hr to collect static and stop-and-go GPS data,
5-man crew.

b. A conservative estimate of the field operations
required by a 4-man party to 3D-position the 23 photo
control points using conventional terrestrial methods was
approximately 70 hr. The accuracies obtained from the
final horizontal adjustment of the GPS data exceeded the
requirements of the project. The accuracies obtained from
the final vertical adjustment of the GPS data met the
requirements.
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